The goals to be pursued by this paper are to highlight the effect of different ionising radiation methods, considered low temperature sterilisation, over protective clothing (surgical gowns) used in the operating theatre through microscopical examination. In order to investigate the influence of the radiation on the properties of nonwoven-based surgical gowns, two types of radiation (gamma and electron beam radiation) were considered in this study. The Scanning Electron Microscope (SEM) is widely used in studies of polymers, although for this kind of nonwoven based structures, that goes through sterilisation treatments it isn't commonly used. So, this paper also intends to relate the results of the evaluation of comfort and barrier properties after irradiated at several doses in a range from 0 to 160 kGy.
Introduction
The surgical gown used in the operating theatre is considered as a non-active medical device and obey the Medical Device Directive 93/43/EEC. According to this Directive, surgical clothing, drapes and air suits are considered to be medical devices, whether they are reusable or single-use gowns and drapes. However at the same time, it is a protective clothing, because of the possible microbial contamination present during the operation. Laying the groundwork for this type of research, until know the manufacturers of surgical gowns generally specified the study of the properties from the material used before sterilisation, unknowing the changes that can appear after the sterilisation. A product that was designed successfully could after a sterilisation process be transformed in an unrecognisable piece of material. Nevertheless this sterilisation can induce some positive changes in their behaviour, and some of them could restrict their use for the defined applications. The study of surface degradation after the irradiation process at different doses is important, since the microscopic examination may indicate why the component degraded. The performance of the surgical gowns demands a balance between barrier and comfort properties. So, the problem of the optimisation of one fabric's property at the detriment of another could be explained by the miscroscopical analysis. It is unlikely that a comfortable garment could be totally resistant or impermeable to liquid penetration when rubbed or subjected to the pressures present during its "usual conditions of use". The only reasonable conclusion appeared to be a compromise between liquid resistance and air permeability for the sake of comfort.
Purpose and Importance of Sterilisation
The primary purpose of sterilising an item is to render it safe for use by destroying all living microscope organisms (EN 556 ). An object can never be almost, partially or practically sterilised: is it either sterilised or not sterilised. Even a few organisms invading the patient's body during a surgical procedure can reproduce rapidly and contribute to post-operative complications.
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Four common types of sterilisation are in use today: gas, irradiation, steam autoclave and dry heat. The two first types of sterilisation are also called low temperature sterilisation methods, applied to single-use products and the last to second types, high temperature sterilisation methods, applied to reusable products.
Gamma and electron beam irradiation. Radiation sterilisation can be accomplished using one of two forms of ionising radiation: gamma (electromagnetic radiation) and electron beam (particle radiation). Because repeated irradiation is equivalent to on going ageing treatments, irradiation techniques have been successful for single-use articles, where only one dose is required. Polymers can also be modified, using irradiation, to improve physical properties and performance, but not all polymers will benefit and in fact, many will degrade [1] .
Microscopical Examination. The Scanning Electron Microscopy (SEM) is suited to most types of surface morphology examination. Much interest centres on the surface of fibres because it controls most of the important properties. The fracture properties are governed largely by the size and distribution of surface imperfections. The properties relating to textile application are determined mainly by surface characteristics and the SEM can be used to examine surface finishes. In our case, we analysed the impact of the sterilisation treatment. The study of fracture surfaces is important for all materials for two reasons. Firstly, by examining specimens broken in the laboratory under carefully controlled conditions it may be possible to deduce the fundamental fracture mechanisms. Secondly, the microscopic examination of a field failure may indicate why the component broke. The Scanning Electron Microscopy (SEM) was used earlier in the study of nonwoven-based material, as for example the examination of the permeability of viruses by the pore spaces [2] .
Experimental Details
For gamma and electron beam irradiation, according to the European standard EN 552 "Sterilization of medical devices -Validation and routine control of sterilization by irradiation", the minimum dose is 25 kGy. The products were processed in industrial irradiation process, with validated parameters for a sterilisation process established for these medical devices -a real case study. For 80 kGy and 160 kGy the irradiation process was applied in an experimental process, purposely for this study. The SEM used in this study was a Leica-Cambridge S360 to provide a database for future reference of failures.
Surgical Gowns.
A member of a surgical team to prevent transfer of infective agents uses these products in the operating theatre. According to the Medical Device Directive 93/42/EEC, surgical gowns, drapes and air suits are considered to be medical devices, whether they are reusable or single-use gowns and drapes. The European standard EN 13795 -"Surgical drapes, gowns and clean air suits, used as medical devices, for patients, clinical staff and equipment" define surgical gown "as the product used in the operating theatre to prevent transfer of infective agents" [1] . Surgical gowns can be simple or reinforced (Fig. 1 ). In the case of operation room gowns it is advisable to use the reinforced gowns. The gowns must be reinforced at the thoracic and abdominal region and also the forearms must be reinforced. These parts of the gowns are considered as the critical zones with the major possibility to contact with blood and other saline solutions present during an operation. The gown must prevent the contact of these solutions with the medical and nurse staff, but also protect de patient from contamination by pollutant particles in the air during the operation [3] . The surgical gown based material is a repellent finished spun laced no woven (45% polyester, 55% cellulose), with an in and outer layer from the same material to reinforce the barriers function. The nonwoven reinforce the barrier properties, however there is a perception in some medical staff minds about reducing the comfort.
Studied Properties. Improving a fabric's capability to resist penetration can only be achieved by proportionately decreasing its permeability, making it less comfortable to wear. Increasing permeability, on the other hand, diminishes a fabric's ability to resist penetration. The European Disposables and Nonwovens Association (EDANA) have published an increasing number of test methods that it recommends be used for measuring various properties of nonwovens or other related products. Table 1 shows the applied test methods and references to ascertain the following properties of nonwovens used for surgical gowns. 
Results and Discussion
Nonwoven is a cellulose-based material. As it known, cellulose is a preferential degrading material under ionising radiation influence. Being cellulose the backbone of the textile is expected to see a rapid degradation of the material with the increasing dose. Nevertheless, polyester is a preferential cross-linking material. The increase of reticulation promoted in polyester acts in the sense of the increase of mechanical resistance, and the degradation occurred in cellulose acts in opposite sense. So, under ionising radiation, it will be expected that the internal mechanical resistance of the textile does not vary substantially. The results concerning the effects on the barrier/comfort properties -liquid repellency and air permeability -with gamma and electron beam irradiation for the samples irradiated with the different dose values, lead to the following remarks: the nonwoven material, in the case of the liquid repellency, shows a significant difference for gamma radiation at a dose of 25 kGy (increase) and for electron beam radiation it is not significant at the same dose. The behavior for the dose of 80 and 160 kGy is more or less the same for both irradiations (Fig. 3c,  3d, 4c and 4d ). Fig. 3d shows the crosslinking of the polyester fibers. In the case of the air permeability, there is for all doses and radiations a significant difference, except for the radiations at a dose of 25 kGy. The available data suggest that all materials maintain their stability in the range of dose values usually applied to medical devices sterilisation (15 to 40 kGy).
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Conclusion
Considering the results above and intersecting the information obtained from the Figs 2a and 2b and the microscopical analysis represented in the Figs 3a to 4d, we can conclude that considering the nonwoven-based gown and the studied properties (Table 1) , the most suitable ionising radiation is not significant for the liquid repellency property, because both irradiations improve the liquid repellency with the increase of the dose. For the air permeability the most suitable ionising radiation is the gamma radiation, because it improves the air permeability and the electron beam radiation decreases with the increase of the dose. So, we can conclude that it is very difficult to increase the permeability, without diminishes the gowns ability to resist penetration. A compromise between liquid repellency and air permeability is, as we can see, a difficult task in nonwoven-based surgical gowns.
